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Abstract. In Italy, vineyards are cultivated mainly on slope terrain; moreover, the viticulture mechanization is typically characterized by low-power, narrow-track tractors, showing a lower stability than the traditional models. This combination leads to a high probability of overturning, made often worse also for the coupling with heavy implements and/or wrong maneuvers. The most effective measure, recognized from decades worldwide, to protect the driver in case of overturning is to fit a roll-over protective structure combined with the diligent use of the safety belt. On the narrow-track tractors, a two-pillars front mounted tiltable rollbar is frequently fitted. Sometime, as an alternative, they are equipped also with two-pillars rear mounted partially folding rollbar. In any case, the tilting/folding function is normally used when travelling among the vineyard rows, to avoid damaging of the canopy and in particular the grapes, due the unexpected contacts with the rollbar. Moreover, the tilting/folding is useful to make possible the entering in sheds or garages with low height doors. Theoretically, only in these two operating conditions the rollbar could be in horizontal or folded (rest) position, while in all the other working situations it should be in vertical (protection) position.
The transition between the rest and the protection positions is normally carried out by hand, but this task is very often neglected, because generally considered tiring and time consuming. Therefore, the rollbar remains in rest position at any time, so assuring absolutely no protection in case of overturning. This occurrence was recorded as being  the main reason of tens of fatal accidents of tractor overturning happened every year in Italy.
The introduction of automatic or semi-automatic systems to manage the rollbar position depending on the working conditions, such as slope, travelling speed, steering angle, etc. could solve the problem. For this purpose, a new 3-sections folding rear rollbar was designed, to be fitted on a new narrow-track tractor model to be launched soon on the market. The movements of the rollbar are driven mechanically, using a four-bar linkage solution, and are based on the release of the unlocking system, the lifting step (i.e. the activation of the actuator) and the locking step (engagement of the locking system). For the transition from safe and rest positions the same steps are provided, of course in opposite order. To assure a suitable strength in case of overturning, the rollbar was conveniently sized, taking into account the reference mass of the heaviest tractor model on which the ROPS will be fitted. 
[bookmark: _GoBack]Later, the prototype was subjected to a virtual test using Abaqus software for dynamic analysis following the requirements of the corresponding OECD Code. After this research step, a physical specimen of the rollbar, conveniently fitted on the tractor, was subjected to a real test, consisting in some horizontal and vertical loads. The only requirement for the positive outcome of both the virtual and real tests is that the so called “clearance zone” (i.e. a volume representing the driver’s position normally placed on his/her seat and grasping the steering wheel) is protected against the entering of any ROPS structural component and any possible terrain interference. Particular attention was devoted to the devices executing the various movements of the 3 rollbar sections, to assure the highest robustness in case of overturning and the best reliability in the time.
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From left to right: vertical (protection) and rest (folded) positions of the 3-section rollbar; detail of the folding mechanism; discretization of the rollbar; an example of colour output showing the dynamic stress and strain condition of the ROPS after a strength test.
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